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Introduction

The National Report on Human Exposure to Environ-
mental Chemicals provides an ongoing assessment of the
U.S. population’s exposure to environmental chemicals
using biomonitoring. The first National Report on
Human Exposure to Environmental Chemicals (First
Report) was issued in March 2001. This Second Report,
released in January 2003, presents biomonitoring
exposure data for 116 environmental chemicals for the
noninstitutionalized, civilian U.S. population over the 2-
year period 1999-2000.

Chemicals and their metabolites were measured in blood
and urine samples from selected participants in the
National Health and Nutrition Examination Survey
(NHANES) conducted by CDC’s National Center for
Health Statistics. NHANES is a series of surveys
designed to collect data on the health and nutritional
status of the U.S. population.

For this Report, an environmental chemical means a
chemical compound or chemical element present in air,
water, food, soil, dust, or other environmental media
(e.g., consumer products). Biomonitoring is the assess-
ment of human exposure to chemicals by measuring the
chemicals or their metabolites in human specimens such
as blood or urine. A metabolite is the chemical alteration
of the original compound by body tissues. Blood and
urine levels reflect the amount of the chemical in the
environment that actually gets into the body.

The first Report presented exposure data for 27 chemi-
cals from NHANES 1999; this Second Report presents
exposure data for 116 chemicals (including the 27 in the
first Report) from NHANES 1999-2000. The Second
Report also presents exposure data for the U.S. popula-
tion divided into age, gender, and race/ethnicity groups.

The first Report measured lead, mercury, cadmium, and
other metals; dialkyl phosphate metabolites of organo-
phosphate pesticides; cotinine; and phthalates. The
Second Report includes these chemicals and adds

e Polycyclic aromatic hydrocarbons (PAHs)

e Dioxins, furans, and coplanar polychlorinated
biphenyls (PCBs)

e Non-coplanar PCBs

e Phytoestrogens

e Selected organophosphate pesticides

e Organochlorine pesticides

e Carbamate pesticides

e Herbicides

e Pest repellents and disinfectants

Public Health Uses of the Report

The overall purpose of the Report is to provide unique
exposure information to scientists, physicians, and health
officials to help prevent disease that results from expo-
sure to environmental chemicals. Specific public health
uses of the exposure information in the Second Report
are:

e To determine which chemicals get into Ameri-
cans and at what concentrations.

e For chemicals with a known toxicity level, to
determine the prevalence of people with levels
above those toxicity levels (e.g., a blood lead
level [BLL] greater than or equal to 10 micro-
grams per deciliter [pg/dL]).

e To establish reference ranges that can be used by
physicians and scientists to determine whether a
person or group has an unusually high exposure.

e To assess the effectiveness of public health ef-
forts to reduce exposure of Americans to specific
chemicals.

e To determine whether exposure levels are higher
among minorities, children, women of childbear-
ing age, or other potentially vulnerable groups.

e To track, over time, trends in levels of exposure
of the population.

e To set priorities for research on human health
effects.

Data Presented for Each Environmental Chemical

The Report presents tables of descriptive statistics on the
distribution of blood or urine levels for each environ-
mental chemical. Statistics include geometric means and
percentiles with confidence intervals.

Geometric means are calculated by taking the log of each
concentration, then calculating the mean of those log
values, and finally, taking the antilog of that mean (the
calculation can be done using log base ¢ or log base 10).
A geometric mean provides a better estimate of central
tendency for data that are distributed with a long tail at
the upper end of the distribution. This type of distribution
is common when measuring environmental chemicals in
blood or urine. The geometric mean is influenced less by
high values than is the arithmetic mean.

Percentiles (10th, 25" 50" 75" 90™ and 95th) are given
to provide additional information about the shape of the
distribution. For urine measurements, data are shown for
both the concentration in urine and the concentration
corrected for urine-creatinine level.



Interpreting Report Data:

Factors

Exposure Important

Research studies, separate from the Report, are required
to determine which blood or urine levels are safe and
which cause disease.

The measurement of an environmental chemical in a
person’s blood or urine does not by itself mean that the
chemical causes disease. Advances in analytical methods
allow us to measure low levels of environmental chemi-
cals in people, but separate studies of varying exposure
levels and health effects are needed to determine which
blood or urine levels result in disease. These studies must
also consider other factors such as duration of exposure.
The Report does not present new data on health risks
from different exposures.

For some environmental chemicals, such as lead,
research studies have given us a good understanding of
the health risks associated with different blood lead
levels. However, for many environmental chemicals, we
need more research to assess health risks from different
blood or urine levels of a chemical. The results shown in
the Report should help prioritize and foster research on
human health risks that result from exposure to environ-
mental chemicals.

For more health information about exposure to environ-
mental chemicals, see the section titled “Toxicology and
Health-Risk Information,” which includes Internet
reference sites. Each environmental chemical can be
searched in databases at these Web sites using the
chemical name or the chemical’s Chemical Abstract
Service (CAS) number, which is provided in the Second
Report. If toxicology information is available for the
chemical of interest, the Agency for Toxic Substances
and Disease Registry (ATSDR) ToxFAQs and ToxPro-
files provide good summaries as well as answers to
common questions about exposure and health effects.

Blood and urine levels of a chemical should not be
confused with levels of the chemical in air, water, food,
soil, or dust.

Concentrations of environmental chemicals in blood or
urine are not the same as those in air, water, food, soil, or
dust. For example, a chemical concentration of 10 pg/L
in water does not produce a level of 10 pg/L in blood or
urine. Blood or urine levels may reflect exposure from
multiple sources including air, water, food, soil, or dust.

Levels of a chemical in blood and urine are determined
by how much of the chemical has entered the body
through ingestion, inhalation, or dermal absorption and
the kinetics of the chemical’s transformation into
metabolites and elimination from the body. Except for
metals, most measurements in urine quantify chemical
metabolites.

The survey design provides estimates for the U.S.
population.

NHANES is designed to provide estimates for the
civilian, noninstitutionalized U.S. population. The
current design does not permit estimates to be made on a
state-by-state or city-by-city basis. For example, it is not
possible to extract a subset of the data and examine
levels of blood lead that represent a state population.

Data from the first Report are updated in the larger
Second Report. Future Reports will be released every
two years.

The first Report was based on data on 27 chemicals from
1999. The Second Report contains the data that were
included in the first Report and adds new data for the
year 2000 for these chemicals. It also contains data from
these two years for an additional 89 chemicals. The
Second Report represents the U.S. population over the
two year period, 1999-2000. Two years of data provide
more stable estimates for the total population and are
necessary for adequate sample sizes for some subgroup
analyses. Current plans are to release future Reports of
exposure of the U.S. population to cover 2-year periods
(e.g., 2001-2002, 2003-2004, 2005-2006).

Future releases of the Report will also include findings
from CDC studies of special-exposure populations.
Groups of people in special-exposure situations (e.g.,
pesticide applicators, people living near hazardous waste
sites, people working in lead smelters) are not targeted
nor identified in this set of results. For example, people
working in lead smelters probably have a distribution of
BLLs different from that of people in the general
population. A specific study of people working in lead
smelters would be needed to describe the distribution of
BLLs in that group.



Selection of Chemicals Included in the Report

Chemicals in the Report were selected on the basis of
scientific data that suggested exposure in the U.S.
population; the seriousness of health effects known or
suspected to result from some levels of exposure; the
need to assess the efficacy of public health actions to
reduce exposure to a chemical; the availability of a
biomonitoring analytical method with adequate accuracy,
precision, sensitivity, specificity, and speed; the avail-
ability of adequate blood or urine samples; and the
incremental analytical cost to perform the biomonitoring
analysis for the chemical. The availability of biomoni-
toring methods with adequate performance and accept-
able cost was a major consideration.

CDC has solicited nominations for chemicals or catego-
ries of chemicals to include in future Reports (Federal
Register, Vol. 67, No. 194, October 7, 2002, pages
62477-8). Selection criteria, similar to those above, are
described in the Federal Register notice and will be used
to prioritize nominated chemicals for inclusion in future
Reports. Nominators should provide as much informa-
tion as possible that would assist experts in evaluating
the chemicals according to the listed criteria.

Biomonitoring Exposure Measurements

The blood and urine exposure measurements presented in
the Second Report were made at CDC’s Environmental
Health Laboratory (Division of Laboratory Sciences,
National Center for Environmental Health). The analyti-
cal methods used for measuring these environmental

chemicals or their metabolites in blood and urine were
isotope dilution mass spectrometry, inductively coupled
plasma mass spectrometry, or graphite furnace atomic
absorption spectrometry. References for the analytical
methods used to measure the different chemicals are
provided in Appendix A.

For chemicals measured in urine, levels are presented
two ways: per volume of urine and per gram of
creatinine. Levels per gram of creatinine (i.e., creatinine-
corrected) adjust for urine dilution. For example, if one
person has consumed more fluids than another person,
his or her urine output is likely higher and the urine more
dilute than that of the latter person. Creatinine is excreted
from the body at a relatively constant rate over time, so
expressing the result per gram of creatinine helps adjust
for the effects of urinary dilution.

For dioxins, furans, PCBs, and organochlorine pesticides,
serum levels are presented per gram of total lipid. These
compounds are lipophilic and concentrate in the body’s
lipid stores including the lipid in the serum. Levels for
these compounds are expressed as per gram of total lipid
in the serum because the chemicals reside in this part of
the serum.

Units of chemical measurements are important. Results
are reported here using standard units, generally con-
forming to those most commonly used in biomonitoring
measurements. Some conversions are presented in Table
1 as an aid.

Table 1. Units of measurement and conversions

Unit Abbreviation Value

liter L

deciliter dL 10™ liters

milliliter mL 107 liters

gram g

milligram mg 10 grams

microgram Mg 10°® grams

nanogram ng 10 grams

picogram pg 10™"? grams

femtogram fg 10™"° grams
parts-per-million ppm 1 ug/g or 1 ug/mL or 1 mg/L
parts-per-billion ppb 1 ng/g or 1 ng/mL or 1 ug/L
parts-per-trillion ppt 1 pg/g or 1 pg/mL or 1 ng/L
parts-per-quadrillion ppq 1fg/g or 1 fg/mL or 1 pg/L







Data Sources

The National Health and Nutrition Examination
Survey

The National Health and Nutrition Examination Survey
(NHANES) is a series of surveys conducted by CDC’s
National Center for Health Statistics (NCHS) that is
designed to collect data on the health and nutritional
status of the U.S. population. NHANES is unique in its
ability to examine public health issues that can best be
addressed through physical and laboratory examinations
of the U.S. population. NHANES collects information
about a wide range of topics, from the prevalence of
infectious diseases to risk factors for cardiovascular
disease. Beginning in 1999, NHANES became a con-
tinuous and annual survey. The sampling plan follows a
complex, stratified, multistage, probability-cluster design
to select a representative sample of the civilian, noninsti-
tutionalized population in the United States.

The current sample design includes targeted sampling of
African Americans, Mexican Americans, adolescents
(aged 12-19 years), older Americans (aged 60 years and
older), and pregnant women to produce more reliable
estimates for these groups. In 2000, targeted sampling of
low-income whites was also included. The NHANES
protocol includes a home interview followed by a
standardized physical examination in a mobile examina-
tion center. As part of the examination component, blood
is obtained by venipuncture for participants aged 1 year
and older, and urine specimens are collected for people
aged 6 years and older. Additional information on the
NHANES survey is available online at
http://www.cdc.gov/nchs/nhanes.htm.

Environmental chemicals were measured in either blood
or urine specimens collected as part of the examination
component of NHANES. The age range for which a
chemical was measured varied. Most of the environ-
mental chemicals were measured in randomly selected
subsamples within specific age groups. This subsampling
was needed to obtain an adequate quantity of sample for
analysis and to accommodate the throughput of the mass-
spectrometry analytical methods.

Age groups and sample sizes for each exposure meas-
urement are provided in the tables of results. Blood lead
and cadmium levels were measured in all people aged 1
year and older. Serum cotinine was measured in all
people aged 3 years and older. Total blood mercury was
measured in children aged 1-5 years and in women aged
16-49 years. Urine mercury was measured in women
aged 16-49 years. Metals, phthalates, PAHs, and

phytoestrogens were measured in urine from a random
one-third sample of people aged 6 years and older. Urine
organophosphate pesticide metabolites, selected pesti-
cides, and herbicides were measured in a random one-
half sample of children aged 6-11 years in 1999 and
2000, a random one-quarter sample of people aged 12-59
years in 1999, and a random one-third sample of people
aged 12-59 years in 2000. Dioxins, furans, PCBs, and
organochlorine pesticides were measured in serum from
a random one-third sample of people aged 12 years and
older.

Data Analysis

Because the NHANES sample design is complex, sample
weights must be used to account for the unequal prob-
ability of selection into the survey. Sample weights also
are used to adjust for possible bias resulting from
nonresponse and are post-stratified to U.S. Census
Bureau estimates of the U.S. population. Data were
analyzed using and the statistical software package from
Statistical Analysis System (SAS)® (SAS Institute Inc.,
1999) and the statistical software package SUDAAN®
(SUDAAN Release 8.0, 2001). SUDAAN uses sample
weights and calculates variance estimates that account
for the complex survey design.

Selected percentiles and geometric means of analyte
concentrations are presented. For each estimate, 95%
confidence intervals are shown. Percentile estimates
were calculated using SAS Proc Univariate using
weighted data. Confidence intervals for the percentiles
were calculated using the method of Korn (1998). A
more detailed explanation of this method used to calcu-
late confidence intervals is provided in Appendix B.
Reported geometric means, percentiles, and their
confidence intervals are rounded to three significant
figures consistent with the accuracy and precision of the
analytical measurements (Taylor, 1987).

Results are shown for the total population and also by
age group, gender, and race/ethnicity. For these analy-
ses, race/ethnicity is categorized as Mexican American,
non-Hispanic black, and non-Hispanic white. Other
racial/ethnic groups are included in estimates that are
based on the entire population sample.

In the text accompanying the tables with descriptive
statistics, results are presented for analysis of covariance
(ANCOVA) tests using SUDAAN to compare mean
levels among demographic groups. All ANCOVA
comparisons were made after adjustment for covariates
of age, gender, and race/ethnicity. Urine creatinine is
also included as a continuous variable in the ANCOVA
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for chemicals measured in urine. Cotinine is a major
metabolite of nicotine, and log cotinine is also included
as a continuous variable in ANCOVA analyses of
dioxins, furans, PAHs, lead, and cadmium to adjust for
known or probable effects of smoking on the blood or
urine levels of these chemicals. Age groups are shown
for each chemical in the results table. Gender is coded as
male or female, and race/ethnicity is categorized as
Mexican American, non-Hispanic black, and non-
Hispanic white.

Concentrations less than the limit of detection (LOD)
were assigned a value equal to the LOD divided by the
square root of 2 for calculation of geometric means. The
LOD is the level at which the measurement has a 95%
probability of being greater than zero (Taylor, 1987).
Assigning a value of the LOD divided by 2 made little
difference in geometric mean estimates. Percentile
estimates that are less than the LOD for the chemical
analysis are reported as < LOD. If the proportion of
results below the LOD was greater than 40%, geometric
means were not calculated. Every table with a <LOD
entry includes the LOD in the table footnotes.

For most chemicals, the LOD is constant for each sample
analyzed. For dioxins, furans, PCBs, organochlorine
pesticides, and a few other pesticides, each individual
sample has its own LOD. These analyses have an
individual LOD for each sample, mostly because the
sample volume used for analysis differed for each
sample. A higher sample volume results in a lower LOD
and a better ability to detect lower levels. Tables for
these chemicals include in the footnotes the mean LOD
with a standard deviation (SD) and a maximum LOD.
The maximum LOD was the highest LOD among all the
individual samples analyzed.

The same procedure for imputing values below the LOD
in calculations of geometric means was used for chemi-
cals with individual LODs for each sample. That is,
concentrations less than the individual LOD were
assigned a value equal to the individual LOD divided by
the square root of 2. For chemicals that had individual
sample LODs, a conservative rule was used for reporting
percentiles: if any individual sample LOD was above a
percentile estimate, the percentile estimate was not
reported.



Toxicology and Health-Risk
Information

The Report presents new data on the exposure of the U.S.
population to environmental chemicals. The measure-
ment of an environmental chemical in a person’s blood
or urine does not by itself mean that the chemical causes
disease. Advances in analytical methods allow us to
measure lower and lower levels of environmental
chemicals in people. Separate studies of varying expo-
sure levels and health effects are required to determine
which blood and urine levels are safe and which result in
disease.

If available, generally recognized guidelines for blood or
urine levels for each chemical are presented in the
Second Report. These guidelines are usually from federal
agencies. One exception is the American Conference of
Governmental Industrial Hygienists (ACGIH), a private
organization. ACGIH publishes biological exposure
indices (BEIs) which “generally indicate a concentration
below which nearly all workers should not experience
adverse health effects” (ACGIH, 2000). The BEIs are
blood or urine levels of a chemical that correspond to air-
exposure limits for workers set by ACGIH. This
organization notes that these values are for workers and
that it is not appropriate to apply them to the general
population. Information about the BEI level is provided
here for comparison, not to imply that the BEI is a safety
level for general population exposure.

For most chemicals reported here, these guidelines are
not available. The Report also references selected
studies of other population groups that have had bio-
monitoring measurements for comparison to the levels
reported here for the U.S. population. The exposure
information in the Second Report should help prioritize
research on the relation between exposure and health
effects and identify population groups with unusually
high exposure for health effects evaluation.

Information Available on the Internet

Links to nonfederal organizations are provided solely as
a service to our readers. These links do not constitute an
endorsement of these organizations or their programs by
CDC or the federal government, and none should be
inferred. CDC is not responsible for the content of an
individual organization’s Web pages found at these links.
For information about toxicology and health risks, see
the following sites:

Federal and Nonfederal Internet Links

o ATSDR ToxFAQs:
www.atsdr.cdc.gov/toxfag.html or
www.atsdr.cdc.gov/toxprofiles

e National Institute for Occupational Safety and
Health (NIOSH), Occupational Health and
Safety Guidelines for Chemical Hazards:
www.cdc.gov/niosh/81-123.html

e National Toxicology Program (NTP) Report
on Carcinogens: http://ehis.niehs.nih.gov/roc

o EPA Integrated Risk-Information System
(IRIS): www.epa.gov/iris

e International Programme on Chemical Safety
(IPCS): www.who.int/pcs

o Chemfinder: www.chemfinder.com

e Material Safety Data Sheets (MSDS):
www.hazard.com/msds

U.S. Government-Related Internet Links
Centers for Disease Control and Prevention (CDC)
e NIOSH Pocket Guide to Chemical Hazards:
www.cdc.gov/niosh/npg/npgd0000.html
e Registry of Toxic Effects of Chemical Sub-
stances (RTECS):
www.cdc.gov/niosh/rtecs.html
e Tobacco Information and Prevention Source:
www.cdc.gov/tobacco
e National Center for Health Statistics:
www.cdc.gov/nchs
e National Health and Nutrition Examination
Survey: www.cdc.gov/nchs/nhanes.htm
e Childhood Lead Poisoning Prevention Pro-
gram: www.cdc.gov/nceh/lead/lead.htm
e Pesticides and Public Health: Integrated Meth-
ods of Mosquito Management:
www.cdc.gov/ncidod/eid/vol7nol/rose.htm

U.S. Department of Health and Human Services (HHS)
¢ Environmental Health Policy Committee:
http://web.health.gov/environment

U.S. Food and Drug Administration (FDA)
e Center for Devices and Radiological Health:
www.fda.gov/cdrh
e Center for Food Safety and Applied Nutrition:
www.cfsan.fda.gov
e National Center for Toxicological Research:
www.fda.gov/nctr
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National Institutes of Health (NIH)

e National Cancer Institute (NCI):
www.nci.nih.gov

e National Institute of Child Health and Human
Development: www.nichd.nih.gov

e National Institute for Environmental Health
Sciences: www.niehs.nih.gov

e National Toxicology Program (NTP) Chemical
Health and Safety Data: http://ntp-
server.niehs.nih.gov/Main_Pages/Chem-
HS.html

e NTP Report on Carcinogens: http://ntp-
server.niehs.nih.gov/NewHomeRoc/AboutRoC

.html
e Chemical Carcinogenesis Research Informa-

tion System: http://toxnet.nlm.nih.gov/cgi-
bin/sis/htmlgen? CCRIS

e Hazardous Susbstances Data Bank (HSDB®):

http://toxnet.nlm.nih.gov/cgi-
bin/sis/htmlgen?HSDB

U.S. Environmental Protection Agency (U.S. EPA)

e Office of Air and Radiation (OAR):
WWwWWw.epa.gov/oar

e Office of Environmental Information (OEI):
WWwWw.epa.gov/oei

e Office of Prevention, Pesticides, and Toxic
Substances (OPPTS):
www.epa.gov/opptsmnt/index.htm

e Office of Research and Development (ORD):
www.epa.gov/ORD

e Office of Water (OW): www.epa.gov/OW

e Office of Pesticide Programs:
WWww.epa.gov/pesticides

e EPA Integrated Risk-Information System
(IRIS): www.epa.gov/iris

e EPA Envirofacts:
www.epa.gov/enviro/index java.html

e Lead: www.epa.gov/OGWDW/dwh/c-
ioc/lead.html

U.S. Department of Agriculture (USDA)
e Food Safety and Inspection Service:
http://www.fsis.usda.gov
e USDA, Forest Service Pesticide Fact Sheets:
http://svinet2.fs.fed.us/foresthealth/pesticide

U.S. Department of Energy (DOE)
e Office of Environment, Safety and Health:
http://tis.eh.doe.gov/portal/home.htm

U.S. Department of Housing and Urban Development
(HUD)
e Office of Healthy Homes and Lead-Hazard
Control: www.hud.gov/offices/lead

U.S. Consumer Product Safety Commission (CPSC)
®  WWW.CPSC.gov

U.S. Department of Transportation (DOT)
o Hazardous Materials Emergency-Response
Guidebook:
http://hazmat.dot.gov/erg2000/psnsort.htm

U.S. Department of Labor, Occupational Safety and
Health Administration (OSHA)

e http://www.osha.gov/index.html

Other Related Internet Sites

o American College of Occupational and Envi-
ronmental Medicine: http://www.acoem.org

e Association of Occupational and Environ-
mental Clinics: http://www.aoec.org

e Association of Public Health Laboratories:
http://www.aphl.org

o International Chemical Safety Cards:
http://www.ilo.org/public/english/protection/sa
fework/cis/products/icsc/dtasht/index.htm

e National Researc Council (NRC)
Toxicological Effects of Methylmercury:
http://books.nap.edu/books/0309071402/html/i
ndex.html
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Results by Chemical Group
Metals

Lead
CAS No. 7439-92-1

General Information
Elemental lead is a malleable, dense, blue-gray metal. It

can be combined to form inorganic and organic mole-
cules. Lead is a naturally occurring element found in

soils and rocks. It has a variety of uses in manufacturing
ammunition, solders, metal alloys, ceramic glazes,
antique-molded or casted ornaments, storage batteries,
and shielding from radiation sources. In the past, lead
was added to paints and gasoline, and it has been used in
plumbing for centuries. Small amounts of lead also may
be produced from the burning of fossil fuels.

Since the elimination of leaded gasoline in the United
States, general lead exposures for adults have resulted
For chil-
dren, the major sources of exposure are from deteriorated

from occupational and recreational sources.

Table 2. Lead

Geometric mean and selected percentiles of blood concentrations (in ug/dL) for the U.S. population aged 1 year and
older, National Health and Nutrition Examination Survey, 1999-2000.

Geometric Selected percentiles
mean (95% confidence interval) Sample
(95% conf. - 4 gy 25th 50th 75th 90th 95th size
interval)
Total, age 1 and older 1.66 .800 1.00 1.60 2.40 3.80 4.90 7970
(1.58-1.73)  (.700-.800) (1.00-1.10) (1.50-1.60) (2.30-2.60) (3.50-4.00) (4.50-5.50)
Age group
1-5 years 2.23 1.00 1.40 2.20 3.30 4.80 7.00 723
(1.99-2.49)  (.800-1.10) (1.10-1.50) (1.90-2.50) (2.80-3.90) (4.00-6.60) (5.20-9.90)
6-11 years 1.51 .700 .900 1.30 2.00 3.30 4.50 905
(1.35-1.69)  (.600-.900) (.800-1.10) (1.20-1.60) (1.70-2.40) (2.60-3.90) (3.30-6.30)
12-19 years 1.10 400 .800 1.00 1.40 2.30 2.80 2135
(1.03-1.18)  (.400-.500) (.700-.800) (1.00-1.10) (1.30-1.60) (2.10-2.40) (2.50-3.00)
20 years and older 1.75 .700 1.00 1.70 2.50 3.90 5.20 4207
(1.67-1.83)  (.700-.800) (1.00-1.10) (1.60-1.70) (2.40-2.70) (3.60-4.10) (4.70-5.70)
Gender
Males 2.01 .800 1.30 1.80 2.90 4.40 6.00 3913
(1.92-2.10)  (.800-.900) (1.20-1.30) (1.80-1.90) (2.70-3.00) (4.00-4.80) (5.40-6.50)
Females 1.37 .600 .800 1.30 1.90 3.00 4.00 4057
(1.30-1.45)  (.500-.600) (.800-.900) (1.20-1.30) (1.80-2.10) (2.80-3.30) (3.60-4.40)
Race/ethnicity
Mexican Americans 1.83 .800 1.20 1.80 2.70 4.20 5.80 2743
(1.71-1.95)  (.700-.800) (1.10-1.20) (1.60-1.90) (2.50-3.00) (3.80-4.60) (5.10-6.60)
Non-Hispanic blacks 1.87 .700 1.10 1.70 2.80 4.20 5.70 1842
(1.73-2.02)  (.700-.800) (1.00-1.30) (1.60-1.90) (2.50-2.90) (3.90-4.70) (5.00-6.30)
Non-Hispanic whites 1.62 .600 1.00 1.60 2.40 3.60 5.00 2715
(1.53-1.71)  (.600-.700) (1.00-1.10) (1.40-1.60) (2.20-2.50) (3.30-3.90)  (4.30-5.90)




lead-based paint and the resulting dust and soil contami-
nation. Other sources of exposure, such as the use of lead
solder in canned foods and in leaded water pipes, have
also been eliminated. However, uncommon sources of
exposure still exist, including unglazed low-temperature-
fired ceramic pottery, pewter drinking vessels, plumbing
systems with lead-soldered joints, old paint removal,
indoor firing ranges, and nearby mining and smelting
operations.

Increasing amounts of lead in the body, as benchmarked
by blood lead levels (BLLs), can cause impaired neuro-
behavioral development in children, increased blood
pressure, kidney injury, and anemia (CDC, 2002).

Neurophysiologic decrements can occur in adults as a
result of workplace exposure to lead (Araki et al., 2000).
At extremely high levels, lead will produce severe
central nervous system injury and paralysis. The
potential adverse effects of lead on reproduction are
areas of ongoing research and may include miscarriage in
women with high BLLs and problems with sperm
formation in men with high BLLs (Borja-Aburto et al.,
1999). The International Agency for Research on Cancer
(IARC) has determined on the basis of animal studies
that lead is a probable human carcinogen, but more study
is needed on the relation of lead exposure to cancer in
people (Jemal et al., 2002). Information about external
exposure (environmental levels) and health effects is

Table 3. Lead

Geometric mean and selected percentiles of urine concentrations (in pg/L) for the U.S. population aged 6 years and
older, National Health and Nutrition Examination Survey, 1999-2000.

Geometric Selected percentiles
mean (95% confidence interval) Sample
(95% conf. 4 oth 25th 50th 75th 90th 95th size
interval)
Total, age 6 and older .758 .200 .500 .800 1.30 2.10 2.90 2465
(.711-.808)  (.100-.200) (.400-.500) (.700-.800) (1.30-1.40) (1.90-2.30) (2.50-3.20)
Age group
6-11 years 1.07 .500 .700 1.00 1.50 2.40 3.40 340
(.952-1.20)  (.400-.600) (.500-.800) (.900-1.20) (1.30-1.70) (1.80-3.00) (2.40-5.10)
12-19 years .656 .100 .300 .600 1.10 1.70 2.20 719
(.585-.735)  (.100-.200) (.300-.400) (.600-.700) (.900-1.20) (1.40-2.00) (1.90-2.50)
20 years and older .743 .200 400 .700 1.40 210 2.90 1406
(689-.801)  (.100-.200) (.300-.400) (.700-.800) (1.20-1.50) (1.90-2.30) (2.50-3.20)
Gender
Males .920 .200 .500 .900 1.60 2.40 3.40 1227
(.848-.998)  (.200-.300) (.500-.600) (.800-.900) (1.40-1.70) (2.20-2.90) (2.90-3.90)
Females .632 .200 .300 .600 1.20 1.90 2.40 1238
(577-692) (<LOD-.200) (.300-.400) (.600-.700) (1.10-1.30) (1.60-2.10) (2.10-2.80)
Race/ethnicity
Mexican Americans 1.02 .200 .600 1.00 1.70 2.80 4.10 884
(.916-1.13)  (.200-.300) (.400-.600) (.900-1.20) (1.50-2.00) (2.30-3.40) (3.10-6.20)
Non-Hispanic blacks 1.11 .300 .700 1.10 1.90 2.90 4.20 568
(.983-1.25)  (.300-.400) (.600-.800) (1.00-1.20) (1.50-2.10) (2.40-3.50) (3.20-5.70)
Non-Hispanic whites .686 .100 .300 .700 1.30 1.90 2.60 822
(632-.745)  (<LOD-.200) (.300-.400) (.600-.700) (1.10-1.40) (1.70-2.20) (2.30-3.10)

< LOD means less than the limit of detection, which is 0.07 pg/L.
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available from the EPA IRIS Web site at
http://www.epa.gov/iris and from ATSDR at

http://www.atsdr.cdc.gov/toxprofiles.

Interpreting Blood and Urine Lead Levels Reported in
the Tables

In this NHANES 1999-2000 sample, BLLs were meas-
ured in all participants aged 1 year and older, and urine
lead levels were measured in a sample of people aged 6
years and older. Blood lead measurement is the preferred
method of evaluating lead exposure and its health effects
in people. BLLs are contributed to by both recent intake
and an equilibration with stored lead in other tissues.

Urinary lead measurements tend to reflect mostly recent
exposure and are therefore more variable than blood lead
levels for a given individual. Urinary levels of lead
above 20 pg/L should be evaluated by blood lead
analysis, if such analyses have not already been con-
ducted.

The U.S. Department of Labor, Occupational Safety and
Health Administration (OSHA), requires monitoring of
blood lead and reduction of exposure to lead when
worker BLLs are higher than 40 pg/dL of whole blood
[CFR 1910.1025()(2)(1)]. The American Conference of
Governmental Industrial Hygienists (ACGIH) recom-
mends that BLLs in workers not exceed 30 pg/dL. The

Table 4. Lead (creatinine adjusted)

Geometric mean and selected percentiles of urine concentrations (in pg/gram of creatinine) for the U.S. population
aged 6 years and older, National Health and Nutrition Examination Survey, 1999-2000.

Geometric Selected percentiles
mean (95% confidence interval) Sample
(95% conf. 4 oth 25th 50th 75th 90th 95th size
interval)
Total, age 6 and older 714 .294 444 .699 1.11 1.70 2.37 2465
(671-.759)  (.259-.313) (.412-476) (.655-.745) (1.03-1.19) (1.55-1.91) (2.15-2.86)
Age group
6-11 years 1.17 .533 .746 1.06 1.55 2.71 4.66 340
(.967-1.42)  (.450-.625) (.639-.870) (.899-1.22) (1.25-1.90) (1.63-4.71) (2.03-18.0)
12-19 years 494 .216 .328 .469 .702 1.10 1.65 719
(457-535)  (190-.267) (.296-.354) (.415-.494) (.632-.833) (.968-1.33) (1.21-2.78)
20 years and older 711 .294 452 .709 1.10 1.69 2.31 1406
(665-.760)  (.256-.333) (.419-.489) (.652-.750) (1.02-1.19) (1.50-1.91) (2.00-2.74)
Gender
Males .718 .302 446 .693 1.10 1.68 243 1227
(669-.771)  (.258-.343) (.408-.489) (.639-.745) (.997-1.22) (1.50-2.00) (2.04-3.33)
Females .710 .290 442 .701 1.11 1.74 2.38 1238
(658-.767)  (.246-.320) (.392-.481) (.655-.762) (1.04-1.20) (1.50-2.02) (2.02-2.88)
Race/ethnicity
Mexican Americans .939 .367 .593 .882 1.43 2.38 3.31 884
(.868-1.02)  (.333-.446) (.516-.667) (.800-